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DISPATCHES
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Human astroviruses are a major cause of pediatric gastro-
enteritis, especially in immunocompromised children. We 
conducted a retrospective study to demonstrate that diverse 
astrovirus genotypes can co-circulate in pediatric oncology 
patients. A subset of cases is associated with long-term vi-
rus shedding (range 17–183 days).

Astroviruses are a leading cause of diarrhea, and chil-
dren <2 years of age and immunocompromised per-

sons are at higher risk for systemic and severe disease (1). 
Few studies have investigated the diversity of astroviruses 
that infect these populations despite there being 3 distinct 
phylogenetic clades of human astroviruses (HAstVs) (ca-
nonical genotypes HAstV1–8 and noncanonical genotypes 
MLB1–3 and VA1–5), which makes surveillance challeng-
ing (2). To explore the genetic diversity of astroviruses in 
persons with high-risk for infection, we performed a retro-
spective study in immunocompromised pediatric oncology 
patients, analyzing remnant fecal samples collected in 2008 
and 2010–2011.

The Study
A total of 909 remnant fecal samples were collected from 
419 patients; 473 samples from 220 patients were col-
lected during January–December 2008, and 436 samples 
from 199 patients were collected during January 2010–
June 2011 (online Technical Appendix Figure 1, https://
wwwnc.cdc.gov/EID/article/23/2/16-1436-Techapp1.pdf). 
All samples were de-identified, so that only a patient iden-
tification code, sample identification code, and date were 
known. No other clinical data were available. The St. Jude 
Children’s Research Hospital Institutional Review Board 
approved this study with a waiver of consent.

We extracted viral RNA from homogenized fecal 
samples by using the MagMAX-96 Viral RNA Isolation 
Kit (Applied Biosystems Life Technologies, Carlsbad, CA, 
USA). We screened samples from 2008 by using a single-

plex real-time reverse transcription PCR (rRT-PCR) (3), an 
in-house multiplex PCR to identify canonical (HAstV1–8) 
and noncanonical (MLB1 and VA2) genotypes (4), and 
endpoint PCRs by using primers targeting open reading 
frame (ORF) 1(5) and ORF2 (6,7). The singeplex method 
detected HAstV in 23/72 samples, compared with 61/67 
(5 samples were not tested) by the multiplex method. We 
screened samples from 2010–2011 solely by the multiplex 
method; 14 were positive for HAstV. Overall, we detected 
HAstV in 86 (9.5%) of 909 samples from 60 (14.3%) of 
419 patients (Table; online Technical Appendix Table), 
giving a detection rate comparable to those reported for 
other immunocompromised populations (8,9).

To place these findings in the context of those for other 
enteric virus infections, we also used rRT-PCR methods to 
determine the prevalence of norovirus and sapovirus in the 
fecal samples from 2008 (10,11). Due to sample quantity 
limitations, we were unable to test 31 samples for sapovi-
rus. We detected HAstV in the highest proportion of pa-
tients and samples (22% [49/220] and 15% [72/473], re-
spectively), followed by norovirus (11% [39/220] and 12% 
[58/473]) and sapovirus (12% [25/211] and 6.6% [29/442]) 
(Figure 1). Together, these data demonstrate that HAstVs 
are a major contributor to the enteric virus infections in this 
patient population. Furthermore, co-infection occurred in 
only 16% of HAstV-positive patients (Table; online Tech-
nical Appendix Table), much lower than the 33%–65% of 
patients reported in other studies (2).

A median of 40 (range 18–54) samples were collected 
each month in 2008; cases peaked in spring and decreased 
in summer and early fall (online Technical Appendix Fig-
ure 2). We further investigated temporal trends in HAstV 
infections by using longitudinal samples from 34 patients 
(2–12 samples/patient) collected over a median of 81 
(range 3–328) days. Of the 34 patients, 12 were previ-
ously HAstV negative, indicating that more than one third 
of patients had newly acquired infections (online Techni-
cal Appendix Table). Of the 12 patients with >1 positive 
specimen, 6 experienced prolonged HAstV shedding (de-
fined by positive samples collected >2 weeks apart [range 
17–183 days]) (online Technical Appendix Table). Subse-
quent fecal samples for 2 patients (SJ35 and SJ209) were 
negative for HAstV, suggesting that the virus had cleared, 
whereas the other 4 patients (SJ22, SJ175, SJ245, and 
SJ275) had detectable HAstV in their final fecal samples. 
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Despite being co-infected with HAstV and norovirus, pa-
tient SJ275 persistently shed only HAstV, highlighting the 
need to further explore enteric virus co-infections and the 
potential for virus interference.

We genotyped 50 of the 86 HAstV-positive samples 
by using the aforementioned endpoint PCR methods, with 
patient-specific primers and the 3′ RACE System (Invi-
trogen Life Technologies, Carlsbad, CA, USA) for rapid 
amplification of cDNA ends to obtain partial open read-
ing frame (ORF) 1b (RNA-dependent RNA polymerase) 
and ORF2 (capsid protein) sequences. We were unable to 
genotype the remaining positive samples because of inad-
equate sample quality or quantity. We used 50 sequences, 
collectively representing 38 unique infections, in the phy-
logenetic analysis (online Technical Appendix Figure 3) 
and BLAST (https://blast.ncbi.nlm.nih.gov) searches for 
samples with only shorter sequence reads available. Tree 
topology of ORF1b and ORF2 sequences indicated that 
none of the samples contained recombinant viruses or was 
co-infected with different genotypes. Overall, HAstV1 was 
the most prevalent genotype identified (n = 19, 50%), fol-
lowed by the noncanonical genotypes VA2 (n = 8, 21%) 
and MLB1 (n = 5, 13%) (Figure 2). Fecal samples from 4 
(11%) patients were positive for HAstV2; 1 each was posi-
tive for HAstV5 and HAstV8. Of note, 4 patients were se-
quentially infected with >1 genotype, and 3 patients from 
2008 had serial infections with canonical and noncanonical 
genotypes (Table; online Technical Appendix Table). The 
average interval between these infections was ≈7 months.

Conclusions
In a previous study of immunocompromised children hos-
pitalized with diarrhea, the prevalence of HAstV infection 
was 5% (9). HAstV detection in HIV-infected persons of 

all ages with and without gastroenteritis has been reported 
to be as high as 12% (8). Thus, the 14% detection rate we 
observed in pediatric oncology patients is consistent with 
the rate in previous reports. Some patients showed pro-
longed virus shedding, which has been reported in immu-
nocompetent and immunocompromised children, in some 
cases for as long as 3 months (12,13). However, 4 of the pa-
tients in our study shed virus beyond 3 months, including 1 
who shed for ≈6 months, highlighting the ability of HAstV 
infections to persist within this population. In addition, 3 of 
the 4 patients with prolonged shedding were infected with 
the noncanonical genotypes MLB1 or VA2. Although ge-
notypic differences in virus load and long-term shedding 
have been reported for canonical viruses (HAstV1–8) (12), 
we are not aware of such studies with noncanonical virus-
es. A larger, prospectively followed, longitudinal cohort 
would be required to investigate these differences.

Our identification of 4 patients with sequential HAstV 
infections is notable, especially because all cases occurred 
during 1 year of observation. One previous report also de-
scribed a child who was first infected with HAstV3 and 
then, 9 months later, with HAstV1 (14). Although our study 
showed more than one third of the HAstV infections detected 
in samples from 2008 were newly acquired, we do not know 
the precise circumstances of these infections—whether they 
were associated with healthcare settings, or if they occurred 
at particular times during the patients’ treatment. The trend 
of HAstV infections in our study appears to mirror that in 
reports from Egypt, Brazil, and the eastern United States, 
which also observed a peak of infections in late spring and 
early summer (13).

In summary, we used multiple molecular methods to 
identify HAstV infections in immunocompromised pe-
diatric oncology patients, enabling us to examine a broad  

 

 

 
Table. Characteristics of HAstV-positive fecal samples from 
pediatric oncology patients, Memphis, Tennessee, USA,  
2010–2011* 
Patient ID Sample ID Enteric co-infection† Genotype‡ 
SJ1§ 4 ND HAstV2 
 8 ND HAstV1 
SJ2 9 ND VA2 
SJ3 10 Norovirus UND 
SJ4 5 ND UND 
SJ5 11 ND VA2 
 12 ND VA2 
SJ6 14 ND UND 
SJ7 13 ND UND 
SJ8 1 ND HAstV5 
 2 ND HAstV5 
SJ9 6 Norovirus HAstV1 
SJ10 3 ND HAstV1 
SJ11 7 ND MLB1 
*HAstV, human astrovirus; ID, identification; ND, not detected; UND, 
undetermined; rRT-PCR, real-time reverse transcription PCR. 
†Samples positive for either norovirus or sapovirus by rRT-PCR. 
‡Genotype determined by partial open reading frame 1b and 2 
sequencing. 
§Patient had sequential infections with different genotypes. 

 

Figure 1. Enteric virus infections identified from remnant fecal 
samples from pediatric patients with cancer, Memphis, Tennessee, 
USA, 2008. The percentage of samples and patients testing 
positive for human astrovirus was higher than the percentages 
testing positive for either norovirus or sapovirus. *Due to limited 
sample availability, 31 samples could not be tested for sapovirus.
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representation of the infections experienced by this popula-
tion and to identify 6 co-circulating viruses. We showed 
that the singleplex rRT-PCR method (3) was unable to 
capture infections caused by noncanonical viruses and is, 
therefore, limited in its utility for accurate surveillance 
and diagnosis. Although our multiplex method was able to 
identify all canonical and 2 noncanonical viruses (4), it is 
possible that we missed infections with other strains. Given 
the limited knowledge about HAstV genotypes and clinical 
disease, particularly in immunocompromised persons, ad-
ditional studies will be crucial to help develop better diag-
nostics to capture all known HAstV genotypes.
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Figure 2. Co-circulating human astrovirus (HAstV) strains in 
pediatric patients with cancer in Memphis, Tennessee, USA. Six 
different HAstV genotypes were identified among the HAstV-
positive fecal samples collected from pediatric patients in 
2008 or in 2010–2011; more than one third of the viruses were 
noncanonical VA and MLB genotypes.
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Technical Appendix Table. Characteristics of HAstV-positive fecal samples collected from pediatric oncology patients, Memphis, 
Tennessee, USA, 2008* 

Patient ID 
Sample 

ID 

rRT-PCR detection method† 
Enteric co-
infections‡ 

No. time points 
positive/no. total 

New 
infection§ 

Virus 
shedding, 

days Genotype¶ Singleplex Multiplex 

SJ22 166 – + ND 4/4 No  UND 
  193 – + ND  No  VA2 
  251 – + ND  No  VA2 
  266 – + ND  No 64 VA2 

SJ35 253 – + ND 2/5 No  UND 
 272 – + ND  No 17 UND 
SJ48 215 – + ND 2/7 Yes  HAstV1 
 226 +  ND  No  HAstV1 

SJ54 225 + + ND 1/1 No  HAstV1 
SJ60 212 + + ND 1/1 No  HAstV8 
SJ105 234 – + ND 1/2 No  UND 
SJ109 210 – + ND 1/1 No  UND 
SJ114 508 – + ND 3/3 No  MLB1 
 516 – + ND  No  MLB1 
 518 – + ND  No  MLB1 
SJ116 347 – + ND 1/1 No  UND 
SJ122 124 + NT Norovirus 1/2 Yes  HAstV2 
SJ127 259 + + ND 1/1 No  HAstV1 
SJ133# 214 – + ND 4/4 No  MLB1 
 304 – + ND  No  UND 
 566 + + ND  No  HAstV1 
SJ135# 276 – + ND  Yes  VA2 
 561 – + ND  No  MLB1 
SJ145 184 – + ND 2/6 Yes  HAstV1 
 186 – + ND  No  UND 
SJ149 125 + NT ND 1/1 No  HAstV2 
SJ150 183 – + ND 1/4 Yes  UND 
SJ162 237 – + ND 1/2 No  UND 
SJ163 221 + + ND 1/2 Yes  HAstV1 
SJ164 211 + + ND 2/6 No  HAstV1 
 232 – + ND  No  UND 
SJ175# 301 – + ND 4/5 Yes  HAstV1 
 509 – + ND  No  VA2 
 525 – + ND  No  VA2 
 555 – + ND  No 24 VA2 
SJ176 261 + – ND 1/4 Yes  HAstV1 
SJ177 110 + NT ND 1/1 No  HAstV2 
SJ179 107 + – Sapovirus 1/2 No  HAstV1 
SJ186 305 – + ND 1/1 No  UND 
SJ190 122 + NT Norovirus 1/1 No  UND 
SJ191 182 – + ND 1/3 No  VA2 
SJ195 123 + NT ND 1/3 No  UND 
SJ201 263 – + ND 1/5 Yes  UND 
SJ203 246 – + ND 2/3 Yes  UND 

http://dx.doi.org/10.3201/eid2302.161436


 

Patient ID 
Sample 

ID 

rRT-PCR detection method† 
Enteric co-
infections‡ 

No. time points 
positive/no. total 

New 
infection§ 

Virus 
shedding, 

days Genotype¶ Singleplex Multiplex 
 248 – + ND  No  HAstV1 
SJ207 278 – + ND 1/1 No  UND 
SJ208 252 – + Sapovirus 1/2 No  VA2 
SJ209 213 + + ND 3/6 No  UND 
 233 – + ND  No  UND 
 307 – + ND  No 95 UND 
SJ210 308 – + ND 1/2 No  UND 
SJ215 299 – + Norovirus 1/12 Yes  UND 
SJ216 227 + + ND 1/3 No  HAstV1 
SJ217 249 – + ND 1/6 No  HAstV1 
SJ218 268 – + ND 1/1 No  UND 
SJ223 258 – + ND 1/1 No  UND 
SJ228 306 – + Norovirus 1/1 No  UND 
SJ231 269 – + ND 1/1 No  UND 
SJ233 280 – + ND 1/8 No  UND 
SJ241 467 – + Norovirus 1/5 Yes  UND 
SJ245 309 – + ND 4/6 No  UND 
 536 – + ND  No  MLB1 
 551 – + ND  No  MLB1 
 573 – + ND  No 183 MLB1 
SJ252 546 – + ND 1/2 Yes  VA2 
SJ271 575 + + ND 1/4 Yes  UND 
SJ275 387 + + Norovirus 3/7 No  UND 
 576 + + ND  No  HAstV1 
 580 + + ND  No 129 HAstV1 
SJ285 417 + – ND 1/4 No  UND 
SJ291 578 + + ND 1/1 No  HAstV1 
SJ298 583 + – ND 1/2 Yes  HAstV1 
*HAstV, human astrovirus; ID, identification; ND, not detected; NT, not tested; UND, undetermined; rRT-PCR, real-time reverse transcription PCR; +, 
positive; –, negative. 
†rRT-PCR methods used as described (main text citations): singleplex (3); multiplex (4). 
‡Samples positive for either norovirus or sapovirus by rRT-PCR. 
§Evidence of new infection indicated if ≥1 preceding sample tested negative by rRT-PCR. 
¶Genotype determined by partial open reading frame 1b and 2 sequencing. 
#Patients who had sequential infections with different genotypes. 

 
 

 



 

Technical Appendix Figure 1. Pipeline for detecting human astroviruses by independent real-time 

reverse transcription PCR methods and endpoint PCR. Two groups of remnant fecal samples from 2008 

and 2010–2011 were examined. Samples from 2010–2011 were previously screened by the multiplex 

rRTvPCR method in the main text reference (4). All samples were submitted to the clinical diagnostic 

laboratory at St. Jude Children’s Research Hospital (Memphis, Tennessee, USA). ORF, open reading 

frame. 

 



 

 

Technical Appendix Figure 2. Monthly distribution of human astrovirus (HAstV) detection in fecal 

samples collected from patients at St. Jude Children’s Research Hospital (Memphis, Tennessee, USA) in 

2008. HAstV was detected in fecal samples from patients in every month, with the peak period of 

detection beginning in March and lasting until June. 



 

 

Technical Appendix Figure 3. Phylogenetic analysis of partial ORF1b and ORF2 sequences to identify 

canonical and noncanonical human astrovirus (HAstV) genotypes. Amplicons (380 bp) for ORF1b (A), 

corresponding to residues 835 to 1203 (HAstV1 GenBank accession no. L23513.1), and the first 1000 bp 

of ORF2 (B) were aligned with reference sequences using MUSCLE (MEGA6, version 6.0). Phylogenetic 

relationships were inferred by maximum likelihood estimation (MLE) using a general time-reversible 



 

model with a discrete gamma distribution. Construction of phylogenetic trees was based on 1,000 

bootstrapped replicates. The branch lengths represent the number of substitutions per site, and bootstrap 

values greater than 70 are shown. Reference sequences, including their GenBank accession numbers, 

are noted in the tree. Sequences from pediatric patient samples from St. Jude Children’s Research 

Hospital (Memphis, Tennessee, USA) are in bold and year collected is noted (GenBank accession nos. 

KX932047–932067). ORF, open reading frame. 


